Objective: To examine lipid parameters that are affected in women with insulin-dependent diabetes mellitus (IDDM) who engaged in disordered eating behaviours. Design: Randomized, unmatched. Setting: Tertiary care. Subjects: Ninety women (18±46 y) with IDDM. Interventions: Classi®cation of subjects based on severity of eating disorder: clinical (n 14), subclinical (n 13) and control (n 63). Blood was analysed for glycosylated haemoglobin (HbA 1c ) and serum for triglycerides and cholesterol. Carotenoid and tocopherol concentrations were analysed by high performance liquid chromatography (HPLC). Dietary intake was assessed by the National Cancer Institute food frequency questionnaire. Results: HbA 1c was signi®cantly increased im women demonstrating clinical and subclinical symptoms compared to control (10.4 AE 2.6, 10.0 AE 1.5 and 8.3 AE 1.6%, respectively, P`0.05). Triglyceride concentrations were signi®cantly increased in women with subclinical eating disorders compared to controls. In women who intentionally omitted or reduced insulin, triglyceride cholesterol and HbA 1c were signi®cantly increased compared to controls. Women with IDDM and eating disorders who exhibited bulimic behaviours consumed signi®cantly more energy, total fat and cholesterol compared to controls and women with eating disorders who were restrained eaters. Conclusion: While IDDM is known to perturb lipid metabolism, these data demonstrate that eating disorders, in combination with IDDM, results in additional alterations in lipid metabolism.
Introduction
Adolescent girls and young adult females with insulindependent diabetes mellitus (IDDM) are at signi®cant risk for the development of the classic eating disorders, anorexia nervosa and bulimia nervosa (Rodin et al, 1985; Steel et al, 1989; Hudson et al, 1985) . Moreover, eating disorders are frequently accompanied by omission or reduction of insulin to induce glycosuria, thereby promoting weight loss (Birk & Spencer, 1989; Polonsky et al, 1994) . Eating disordered behaviours and insulin misuse in women with IDDM may result in increased chronic complications of diabetes secondary to poor glycemic control (Polonsky et al, 1994; Colas et al, 1991; Steel et al, 1987) .
Poor glycemic control in individuals with IDDM (Glasgow et al, 1981; Lopez-Virella et al, 1982; Howard, 1987) accelerates existing lipid perturbations (Mooradian & Moorley, 1987) . Elevated plasma concentrations of triglyceride, cholesterol, very low density lipoproteins (VLDL) and low density lipoproteins (LDL) have been reported in individuals with IDDM in poor glycemic control (Glasgow et al, 1981) . Additionally, plasma lipid peroxides have been found to be higher in individuals whose diabetes is not well controlled vs good control (Jain et al, 1989) . This metabolic alteration may ultimately lead to increased long-term complications (Wolff, 1987) .
Lipid metabolism is also disturbed in people with eating disorders. Signi®cantly higher plasma total cholesterol concentrations were reported in individuals with anorexia nervosa and bulimia nervosa as compared to age and weight matched controls (Mira et al, 1989; Jaffe et al, 1987; Vize & Coke, 1994) . Hypercholesterolemia was also more common in anorexia nervosa (Mira et al, 1987) , which may be attributed to amenorrhoea (Nestel, 1988) or impaired clearance of LDL cholesterol (Mordasini et al, 1978) .
Disturbances in the status of fat soluble antioxidant vitamins has been reported in people with eating disorders (Mira et al, 1989; Philipp et al, 1988; Langan & Farrell, 1985; VanBinsbergen et al, 1988) . Hypercarotenemia in these individuals has been attributed to reduced clearance and degradation of LDL (Rock & Curran-Celetano, 1994) . Alternatively, such alterations may be due to an acquired error in metabolism, enhanced absorption, and reduced tissue storage capacity (Rock & Curran-Celetano, 1994; Rock & Swendseid, 1993) .
The lipid status of women with IDDM complicated by co-existing eating disorders has heretofore not been investigated. The purpose of the current research was to examine lipid parameters that are affected in IDDM, as well as in eating disorders. Serum concentrations of triglyceride, cholesterol and total lipids, as well as plasma concentrations of vitamin E, retinol and carotenoids were assessed.
Methods

Subjects
Subjects were women who had a history of IDDM for at least one year, who were aged 18±46 y, not pregnant or lactating and who were otherwise healthy. Recruitment occurred at diabetes clinics throughout Connecticut and Massachusetts. Ninety recruits were eligible to participate in the study. Ethical approval for this study was granted by the University of Connecticut Human Subjects Approval Committee and clinical facility institutional review boards. Written informed consent was obtained from each subject after the purpose and procedures of the study had been explained.
Assessment methods
Psychological measures
Diagnoses of eating disorders were based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-III-R) criteria of the American Psychiatric Association (1987) . A diagnosis of eating disorder was con®rmed with a clinical interview using the Eating Disorder Examination (EDE) (Cooper & Fairburn, 1987) . The EDE is a validated investigator-based interview that is designed to assess eating habits and attitudes towards shape and weight. It is primarily a measure of`present state', and is mainly concerned with the preceding four weeks (28 d). The EDE allows for investigation into methods for controlling weight at present and in the past. The Bulimia Test Revised (BULIT-R) was also administered to each subject. The BULIT-R is a 35 item self-administered inventory that assesses the severity and frequency of bulimic behaviours (Brelford et al, 1992 ). An interview designed to determine compliance to prescribed insulin regimen was conducted according to the procedure outlined by Polonsky et al (1994) .
Classi®cation of subjects into groups Subjects were categorized using four classi®cation schemes based on eating pathology. Using DSM-III-R, subjects were classi®ed ®rst into one of three groups: clinical (n 14), subclinical (n 13) or control (n 63). The clinical group was composed of four women who met all of the diagnostic criteria for anorexia nervosa and 10 who ful®lled all the criteria for bulimia nervosa. The subclinical group was composed of those women who partially ful®lled the diagnostic criteria. The control group consisted of those women who were free of eating disordered behaviours.
Secondly, women from the subclinical and clinical groups were collapsed into one group for the purpose of analysis (n 27). Thirdly, women who misused insulin as a method of purging calories were identi®ed (n 12). Lastly, women with eating disorders, whether subclinical or clinical, were grouped as having bulimic (n 16) or not having bulimic behaviours (n 11) for dietary assessment purposes.
Sample collections
Blood was collected from a large antecubital vein into tubes containing ethylenediaminetetraacetic acid for whole blood analyses and antioxidant analyses and into a serum separation tube for serum analyses. Plasma and serum were separated by centrifugation (15006g for 15 min at 25 C). Aliquots were stored at 780 C. For analyses, frozen plasma samples were thawed at room temperature. All analyses were performed within one year of collection.
Biochemical assessment
Whole blood was analysed for glycosylated haemoglobin (HbA 1c ) by af®nity chromatography (Fiechtner et al, 1992) . Serum cholesterol and triglycerides were measured by an enzymatic method (Olympus reagent AU8000) at Diagnostic Medical Laboratories, Bloom®eld, Connecticut. Plasma a-and g-tocopherol, retinol and carotenoids were analysed using reversed phase high performance liquid chromatography (HPLC) as described by Barua et al (1993) . Prior to extraction, retinyl hexanoate and b-apo-8
H -carotenyl myristate in methanol were added to each sample as internal standards for tocopherol and carotenoids, respectively. After precipitation of proteins with methanol, all samples were extracted twice with hexane.
Dietary intake
Subjects were asked to complete the National Cancer Institute Food Frequency Questionnaire (Block et al, 1986) . Nutrient intakes were calculated using the updated USDA carotenoid database.
Anthropometry
Subjects were weighed on a balance beam scale wearing light clothing. They were asked to remove their shoes to record height. Height was measured with the subject's back to the vertical rod of the scale. Weight and height measurements were used to calculate body mass index (BMI) {body weight(kg)/height(m 2 )} (Roche et al, 1981) .
Statistical analyses
Statistical analyses were conducted using the SAS statistical package (SAS, version 6.07, SAS Institute, Cary, N.C.). One-way analysis of variance (ANOVA) was used to compare group differences in lipid indexes and demographic characteristics. Multiple comparisons were made using Tukey's procedure. Student t-tests were used to determine group differences based on insulin misuse and bulimic/anorectic behaviours. Statistically signi®cant differences between groups on dichotomous variables were determined by Chi-Square.
Results
Characteristics of the study groups based on DSM-III-R criteria are shown in Table 1 .
There were no signi®cant differences among groups in duration of diabetes or age. The mean age for the total sample was 28.8 y. Mean duration of diabetes was 14.8 y.
The control group consisted of more women with professional occupations who were married and had higher levels of education.
The weight-controlling behaviours used by the women with diabetes and eating disorders were insulin misuse (13.3%), exercise misuse (12.7%), dietary restraint (11.1), self-induced vomiting (5.5%), diuretic misuse (3.3%), and laxative misuse (1.1%). HbA 1c was signi®cantly higher in clinical and subclinical groups compared to the controls. Both clinical and subclinical groups had a greater percentage of diabetes-related complications compared to the controls. Speci®cally, these differences were as follows: (retinopathy: 37 vs 23.8%; neuropathy: 25.9 vs 15.9%, and nephropathy: 25.9 vs 12.7%) for women with eating disorders compared to controls, respectively.
Serum lipids
Serum lipid concentrations were altered in subjects with eating disorders compared to controls (Table 2) .
To ascertain if the increase in lipid concentrations in women with eating disorders was essentially due to their poor metabolic control (increase in HbA 1c ), we obtained reference data from the Joslin Diabetes Centre on lipid concentrations of women (n 8, "
Âage 34.9 AE 8.0 y) with IDDM ( " Âduration of diabetes 7.7 AE 8.4 y) without eating disorders who have poor glycemic control ( " ÂHbA 1c 10.6 AE 0.76%). In this reference sample of women, mean triglyceride and cholesterol concentrations (mg/dL) were 45.1 AE 12.9 and 187.3 AE 39.8, respectively.
In the combined subclinical and clinical eating disordered groups, there were signi®cantly (P`0.05) higher serum concentrations of triglyceride (mg/dL), cholesterol (mg/dL), total lipid (mg/dL). HbA 1c concentrations were higher compared to controls (data not shown).
As shown in Table 3 , those women who reported intentionally omitting or reducing their insulin dose for weight loss had increased lipid concentrations, and HbA 1c . Plasma concentrations of a-tocopherol and carotenoids for the study groups are shown in Table 4 . Expressed as mmol/ L, a-tocopherol, a-carotene and b-carotene concentrations were higher in women with subclinical eating disorders compared to the control group (P`0.05). These differences were no longer statistically signi®cant when expressed per gram of total lipid (mmol/g lipid).
Examination of eating and purging habits indicated that there were greater bulimic behaviours in the clinical group compared to the subclinical group (P`0.001). As bulimic behaviours affect dietary intake, subjects were categorized as having bulimic or nonbulimic behaviours for dietary analyses. Differences in nutrient intake are shown in Table 5 .
There were no signi®cant differences between groups on intake of carotenoids or use of vitamin/mineral supplements (data not shown).
Discussion
The current study provides evidence of a wide range of dangerous behaviours in women with IDDM, including insulin misuse, restrictive dieting, bulimic practices and purging methods, all of which can alter lipid metabolism and glycemic control. The manipulation of insulin was the method of purging used by the majority of women with IDDM and eating disorders, corroborating the ®ndings of others (Polonsky et al, 1994) . Anorectic and bulimic behaviours appear to have contributed to signi®cant differences in lipid concentrations.
While the current study does not provide information on the mechanism for lipid perturbations, it suggests that when eating disorders develop in women with IDDM, there may be an exacerbation of the disturbance in lipid metabolism. Further, insulin misuse among women with IDDM was associated with the lipid perturbations. Misuse of insulin was associated with disordered eating and the increased concentrations of serum triglyceride, cholesterol, total lipids and HbA 1c . Derangements in lipid metabolism have previously been reported for both diabetes (Mooradian & Morley, 1987; Vandewoude et al, 1987; Strain, 1991) and eating disorders (Mira et al, 1989; Vize & Coker, 1994; Mordasini et al, 1978) . In the present study, poorer glycemic control in women with both clinical and subclinical eating disorders was associated with exacerbated disturbance in lipid metabolism. However, in a comparable reference sample from the Joslin Diabetes Centre, women without eating disorders who do have poor metabolic control did not exhibit an increase in lipid concentrations. This suggests that disordered eating behaviours may affect lipid metabolism.
Poorly controlled diabetes is characterized by a variety of chronic complications which include retinopathy, nephropathy, neuropathy and cardiovascular disease (Diabetes Control and Complications Trial Research Group, 1993) . In the present study, women with subclinical and clinical eating disorders had an approximately 2% increase in HbA 1c as compared to controls. In corroboration with the ®ndings from The Diabetes Control and Complications Trial, poor glycemic control was associated with signi®-cantly more long-term diabetes-related complications.
Women with IDDM and eating disorders had increased plasma a-tocopherol, b-carotene and a-carotene concentrations (mmol/L), which appeared to be explained in part by altered lipid metabolism, as their concentrations were no longer signi®cant when expressed per gram of total lipid.
The dietary intake of women with bulimic behaviours was comprised of foods which contributed more energy, total fat, and cholesterol. This agrees with the ®ndings of others (Hetherington et al, 1994) . It is known that women with eating disorders may not complete dietary records accurately due to their shame and embarrassment about their eating behaviours (Hetherington et al, 1994) . It is also recognized that the`¯at slope syndrome' (Stunkard & Waxman, 1981) which is the tendency for subjects to overestimate what they have eaten when intake is low and to underestimate when intake is high may affect results. Individuals with anorexia nervosa may perceive that they are consuming large portion of food items when in fact they are small. People with bulimia nervosa may underestimate their food intake. Although our ®ndings must be viewed with caution, they point to dietary differences between women with eating disorders who engage in bulimic behaviours compared to women with eating disorders who do not binge and purge. This increased intake of total energy, total fat, and cholesterol may contribute to higher lipid concentrations.
Conclusions
Abnormalities in lipid metabolism occurred in females with IDDM and eating disorders. Furthermore, these alterations were not con®ned to women with clinical pathology.
Women with subclinical eating disorders demonstrated similar alterations in lipid indexes. In addition, there were increased plasma lipid concentrations in women with IDDM who had poor glycemic control. These results suggest the need for further research that explores the mechanisms for the alterations that occur in individuals with IDDM and eating pathologies. Also, the risk for cardiovascular and chronic complications of diabetes should be examined in this population.
